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(54) CONTROLLING CIRCUIT FOR OPTICAL OUTPUT OF SEMICONDUCTOR 
(57)Abstract: 

PURPOSE: To obtain an optical transmitting waveform wherein the ratio of bias 
current value and oscillation threshold value is constant and stable, by connecting a 
resistance with the emitter of a transistor, and installing an operational amplifier which 
uses a thermistor as a feedback resistance and amplifiers the potential difference 
between terminals of the resistance. 

CONSTITUTION: As an operational amplifier circuit, a differential amplifier is used in 
which the following are connected; resistance R5 are connected between one end of a 
resistance R4 and the inversion input terminal of an operational amplifier 6 and 
between the other end of the resistance R4 and the non-inversion input terminal, a 
thermistor 1 as a feedback resistance is connected between the non-inversion input 
terminal and an output terminal, and a thermistor 1 is connected between the inversion 
input terminal and the earth. The pulse current amplitude value for output light 
intensity modulation becomes small according as the resistance of the thermistor 
increases, and becomes large according as the resistance decreases. By a bias current 
control loop which is constituted of a photodetector 3, a resistor R2, and an optical 
output control circuit 4, so as to keep the optical output of a semiconductor laser 2 
constant, a bias current is so controlled that the change of oscillation threshold current 
of the semiconductor laser 2 is corrected. 

[Claim(s)] 

[Claim 1] In the semiconductor laser optical output control circuit characterized by 
providing the following The transistor Ql which turns on and off the above-mentioned 
pulse-current supply circuit by turns and which made the base the pulse signal input 
terminal and connected resistance Rl to the collector, The transistor Q2 which 
impressed reference voltage to the base and connected this semiconductor laser to the 
collector, When furthermore constituted from this resistance Rl and a constant- 
current-source transistor Q3 to which the sum of the above-mentioned pulse current 
which flows by turns to this semiconductor laser flows to the emitter, The 



semiconductor laser optical output control circuit characterized by having connected 
resistance R4 to the emitter of a transistor Q3, having prepared the operational 
amplifier amplifying circuit which made the feedback resister the thermistor which 
amplifies the ends potential difference of this resistance R4, and connecting the output 
to the base of a transistor Q3. Semiconductor laser. The pulse-current supply circuit 
which supplies an optical intensity- modulation pulse current to this semiconductor 
laser. The photo detector which receives a part of outgoing radiation light from this 
semiconductor laser, and is changed into an electrical signal. The optical output control 
circuit which controls the direct-current bias current from the output signal of this 
photo detector to this semiconductor laser. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the semiconductor laser drive circuit 
with an optical output control circuit used for carrying out stabilization control of the 
optical output of semiconductor laser. 
[0002] 

[Description of the Prior Art] The optical output control circuit of the semiconductor 
laser used for controlling the optical output of the conventional semiconductor laser is 
constituted by the circuit of drawing 3 indicated by drawing 2 and JP,1-304792,B. The 
inside VEE of drawing 2 expresses a negative supply. By the pulse voltage for a 
modulation which drives the semiconductor laser 2 inputted from the Sin terminal, it is 
the reference voltage Vref to a transistor Ql and its base. The impressed transistor Q2 
is turned on and off by turns, and the pulse current im for outgoing radiation light 
intensity modulation flows to semiconductor laser 2. Both the pulse currents that flow 
to resistance Rl and semiconductor laser 2 flow to the resistance R4 connected to the 
constant-current-source emitter terminal with which base voltage consists of 
transistors Q3 of VIb regularity. 

[0003] The current turns into a direct-current constant current equal to peak value 
impp of Above im. 

[0004] Moreover, the direct-current bias current IB is supplied to semiconductor laser 2 
from the transistor Q4 by which resistance R3 was connected to the emitter. The direct- 
current bias current IB receives a part of outgoing radiation light of semiconductor laser 
2, the base voltage VBb of a transistor Q4 is controlled by the optical output control 
circuit 4 which, if possible, controls the direct-current bias current to semiconductor 
laser 2 as the potential by the side of the photo detector 3 which passes a photocurrent 
to resistance R2, and the photo detector 3 of resistance R2 is fixed so that the outgoing 



radiation light of semiconductor laser 2 becomes fixed, and only the direct-current bias 
current IB is controlled through a choke coil 5. 

[0005] In the conventional example of drawing 3 , stabilization of an optical output is 
attained by the loop which controls the direct-current bias current IB for the output of 
the optical output control circuit 4 through the base voltage VBb of a transistor Q4 like 
drawing 2 , and two loops which also control the pulse current im for outgoing radiation 
light intensity modulation through the base voltage VIb of a transistor Q3. 
[0006] 

[Problem(s) to be Solved by the Invention] In the conventional example in above- 
mentioned drawing 2 , when the luminous efficiency of semiconductor laser 2 changes 
with the temperature changes of laser so that it may describe in drawing 5 , the pulse 
current for outgoing radiation light intensity modulation of impp2 which is always a 
fixed amplitude is supplied to semiconductor laser 2. Therefore, it is the direct- current 
bias current IB from the optical output control circuit 4 which controls the direct- 
current bias current from the output signal of the photo detector 3 which receives a part 
of outgoing radiation light from semiconductor laser 2, and is changed into an electrical 
signal as a control function which keeps the optical output of semiconductor laser 2 
constant, and this photo detector 3 to semiconductor laser 2. Semiconductor laser 2 is 
supplied, therefore, direct-current bias-current value IB in each temperature 
Oscillation threshold Ith of semiconductor laser 2 a ratio - alpha - the time of 0 degree 
C It is set to IB5/Ith3 at the time of IB2/Ith2 and 65 degrees C at the time of IB4/Ithl 
and 25 degrees C, and the value of alpha changes with temperature. Therefore, the 
optical output wave of the semiconductor laser 2 which adopted the conventional 
technology of drawing 2 has the temperature dependence resulting from change of 
alpha. When luminous efficiency falls like [ in 65 degrees C ] among drawing 5 
especially, it is IB5>Ith3. It becomes and the extinction ratio of the optical output wave 
of semiconductor laser 2 deteriorates. 

[0007] Moreover, in the example of drawing 3 , the above-mentioned alpha value does 
not change with temperature ideally. Namely, direct-current bias-current value IB 
described in drawing 4 Since it is controlled to become larger than impp2 in case the 
pulse-current amplitude for outgoing radiation light intensity modulation is impp3 and 
25 degrees C even when it is 65 degrees C to which the luminous efficiency of 
semiconductor laser 2 falls, the ratios of the oscillation threshold Ith of semiconductor 
laser 2 are the alpha values IB2/Ith2 at the time of 25 degrees C. Equal IB3/Ith3 It is 
obtained. However, the composition of the optical output control circuit 4 of drawing 3 is 
complicated, and a setup of the time constant of both the loops as which the 



aforementioned direct-current bias-current control loop and the pulse-current 
amplitude-control loop for outgoing radiation light intensity modulation are operated 
simultaneously is very difficult. 

[0008] this invention aims at offering the semiconductor laser output-control equipment 
with which the stable optical transmission-wave type with the above-mentioned fixed 
alpha value is obtained to temperature, as only the direct-current bias-current control 
loop described in drawing 4 briefly. 
[0009] 

[Means for Solving the Problem] The aforementioned purpose makes the control loop 
centering on the optical output control circuit 4 one loop which controls only the direct- 
current bias current of semiconductor laser 2. Furthermore, drawing 2 , drawing 2 to 
which the resistance Rl in three and the sum of the pulse signal which flows to 
semiconductor laser 2 flow, and the operational amplifier amplifying circuit which made 
the feedback resister the thermistor which amplifies the ends potential difference of the 
resistance R4 in three are prepared. It can attain more by connecting the output to the 
base of a transistor Q3, enlarging a pulse-current amplitude for outgoing radiation fight 
intensity modulation at the time of an elevated temperature, and making small a 
pulse -current amplitude for outgoing radiation light intensity modulation at the time of 
low temperature. 
[0010] 

[Function] It explains using drawing 1 and 4 per operation of this invention below. 
[0011] The luminous efficiency eta of the semiconductor laser 2 of drawing 1 will fall, if 
the temperature of semiconductor laser 2 rises with ambient temperature etc., and if it 
descends conversely, it will increase. At this time, the temperature of a thermistor 1 as 
well as semiconductor laser 2 rises and descends, and the resistance is small at the time 
of a temperature rise, and becomes large at it at the time of temperature descent. 
Drawing 1 is the example of circuitry which prepared respectively the differential- 
amplifier circuit which connected [ resistance R5 ] the thermistor 1 with the inversed 
input terminal for the thermistor 1 the same between groundings as a feedback resister 
between the nonin verting input terminal and the output terminal between the ends of 
resistance R4, reversal of an operational amplifier 6, and noninverting both input 
terminals as the above-mentioned operational amplifier amplifying circuit. 
[0012] When the emitter of a transistor Q3 and voltage between the bases are set to 
VBE, the relation with VIb can express with the one following formula the base 
potential of the pulse-current amplitude value impp for outgoing radiation light 
intensity modulation of semiconductor laser 2 and the transistor Q3 which flow to 



resistance R4. 
[0013] 

[Equation 1] VTb-VBE-VEE =R4ximpp and VIb can be expressed with several 2 
formulas by setting the thermistor resistance of a thermistor 1 to Rf from the principle 
of operation of the above-mentioned differential- amplifier circuit. 
[0014] 

[Equation 2] From one VIb=-R4xRf7R5ximpp and several 2 formulas, VIb is eliminated 

and the three following formulas are obtained. 

[0015] 

[Equation 3] 

From impp=- (VBE+VEE) / (R4x (1+R#R5)) several 3 formulas, impp, i.e., the pulse- 
current amplitude value for outgoing radiation light intensity modulation, is the 
resistance Rf of a thermistor 1. It becomes small with an increase and becomes large 
with reduction. Therefore, as described in drawing 4 , when it is at the time of the 
elevated temperature to which the luminous efficiency eta of semiconductor laser 2 falls, 
for example, 65 degrees C The pulse-current amplitude value impp for outgoing 
radiation light intensity modulation serves as [ the temperature of semiconductor laser 
2 ] bigger impp3 than the value impp2 at the time of being 25 degrees C. Conversely, 
when it is at the time of the low temperature at which the luminous efficiency eta of 
semiconductor laser 2 increases, for example, 0 degree C, the pulse-current amplitude 
value impp for outgoing radiation light intensity modulation serves as impp 1 with the 
temperature of semiconductor laser 2 smaller than the value impp2 at the time of being 
25 degrees C. 

[0016] furthermore, the bias-current control loop constituted by a photo detector 3, 
resistance R2, and the optical output control circuit 4 so that the optical output of 
semiconductor laser 2 might become fixed — a changed part of the oscillation threshold 
current of the above-mentioned semiconductor laser 2 - an amendment ~ a bias current 
is controlled like By setting the thermistor constant value of a thermistor 1 as the value 
which a changed part of the luminous efficiency eta of semiconductor laser 2 can amend 
completely at this time the ratio of the bias-current value IB in each temperature, and 
the oscillation threshold Ith of semiconductor laser 2 - in alpha, 
IBl/Ithl=IB2/Ith2=IB3/Ith3 are materialized, and the optical transmission-wave type 
which the optical output wave of semiconductor laser 2 does not have extinction- ratio 
degradation by the temperature rise, either, and was stabilized is obtained 
[0017] 

[Example] Hereafter, drawing 1 , and 3 and 6 explain the example of this invention. The 



luminous efficiency eta of semiconductor laser 2 is eta= 0.15mW/mA at the time of eta= 
0.2mW [ mA] /and 65 degrees C at the time of eta= 0.25mW [ mA] /and 25 degrees C at 
the time of 0 degree C. When changing, In the case of the current amplitude value impp 
of 2= 40mA in 25 degrees C, a changed part of this eta should just be set [ completely / in 
the pulse-current amplitude value for outgoing radiation light intensity modulation ] to 
3= 53.3mA of impp(s) at an amendment sake at 1= 32mA of impp (s), and the time of 65 
degrees C at the time of 0 degree C. If -5.2V and R4 are set to 10 ohms which is an 
actual result value conventionally by using VBE=0.7V and VEE as an ECL power 
supply, using a transistor Q3 as a silicon transistor now The thermistor resistance of the 
thermistor 1 which obtains the pulse-current amplitude value for outgoing radiation 
light intensity modulation shown in above-mentioned drawing 6 is set to 7.44xR5 
(omega) from several 3 formulas at the time of 10.25xR5 (omega) and 65 degrees C at 
the time of 13.06xR5 (omega) and 25 degrees C at the time of 0 degree C. However, R5 is 
taken as the positive real number. 

[0018] The thermistor constant of the thermistor 1 which fulfills this condition is about 
800. According to this example, the pulse-current amplitude value for outgoing 
radiation light intensity modulation can amend completely change of the luminous 
efficiency of the semiconductor laser 2 by the temperature change, and control of the 
bias current by the bias-current control loop constituted by a photo detector 3, 
resistance R2, and the optical output control circuit 4 can amend change of oscillation 
threshold current. 

[0019] therefore, the temperature of semiconductor laser 2 -- not starting - always - the 
ratio of a bias-current value and an oscillation threshold - alpha can acquire a fixed and 
stable optical output wave 
[0020] 

[Effect of the Invention] according to this invention - the temperature of semiconductor 

laser 2 - not starting - always - the ratio of a bias-current value and an oscillation 

threshold - alpha can acquire a fixed and stable optical output wave 

[0021] Furthermore, an optical output control loop is written only as a bias-current 

control loop, and there is an effect which can simplify an optical output stabilization 

circuit. 

[Brief Description of the Drawings] 

[Drawing 1] It is a semiconductor laser optical output control circuit view showing the 
example of this invention. 

[Drawing 2] It is the semiconductor laser optical output control circuit view of the 



conventional technical example. 

[Drawing 3] It is the semiconductor laser optical output control circuit view of the 
conventional technical example. 

[Drawing 4] It is drawing showing the relation between the oscillation threshold of the 
semiconductor laser of the example of this invention, a bias current, and modulating- 
signal amplitude current. 

[Drawing 5] It is drawing showing the relation between the oscillation threshold of the 
semiconductor laser of the conventional example and bias current in drawing 2 , and 
modulating-signal amplitude current. 

[Drawing 6] It is drawing showing the relation between the modulating-signal 
amplitude current value of the example of this invention, and the value of thermistor 
resistance. 

[Description of Notations] 

1 - Thermistor 2 - Semiconductor laser 3 [ 5 - Choke coil 6 / Rl, R2, R3, R4 
Resistance. / An operational amplifier Ql, Q2, Q3, Q4 - Transistor ] — A photo 
detector, 4 Optical output control circuit 
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